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Abstract 
Multi-temporal satelite imagery and digital change detection technique help in understanding land use-cover change (LUCC). 
The record of land use-cover changes provide the direction and can be used as guidelines to identify issues, problems, and 
guidelines for landscape planning. This study was conducted in Batanghari, Jambi Province. The purposes of this study are to 
analyze the characteristics of pattern of land cover changes with long temporal scale  (1988 - 2014), to analyze driving factors of 
land use changes, and to analyze land fragmentation. LUCC maps (1988, 1994, 2004, & 2014) were derived from remote sensing 
satellite images using supervised classification method (maximum likelihood) in ERDAS 9.3 Software, to define driving factors 
used regression binary logistic analysis in IDRISI Selva Software. Largest patch index (LPI) was also used to assess the 
fragmentation or dominance of LUCC type. The results showed Logit Y= -0.14 – 0.0800 X1 – 0.07360 X2 + 0.02468 X3 + 
0.44584 X4 – 0.02382 X5 + 0.02769 X6. The highest land fragmentation occur in Mersam, Marosebo Ulu, and Tembesi. 
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1. Introduction 
Indonesia is currently threatened by the activities of land conversion to monoculture (Villamor et al., 2014), 
which is a major expansion of palm oil plantations (Tarigan et al., 2015). Indonesia has also been ranked as having 
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the second highest rate of deforestation among tropical countries after Brazil (Margono et al.,, 2012 in Villamor et 
al., 2014) due to the rapid replacement of vast areas of primary lowland forests with monoculture plantations of 
palm oil. In Indonesia, these concessions are located mainly in Kalimantan and Sumatra (Tarigan et al., 2015). The 
process of land degradation as a result of conversion to palm oil plantation, it will be susceptible to fire disasters 
(Miettin and Soo, 2009). Deforestation not only reduce the forest area but also change the configuration of the 
landscape and increased landscape fragmentation. 
According to Tarigan et al., (2015) showed that in 2010 the palm oil plantation area increased to 7.8 million 
hectares and the potential for expansion will continue to grow near to 20 million hectares (Rist et al., 2010). Fire 
disasters either natural or deliberate intention to accelerate the growth of palm oil plantations, so that catastrophic 
fires and smoke in the last few decades has been the center of attention as a national disaster, even international 
attention (Nurdiana & Idung, 2015). According to the USDA-FAS (2009) in Rist et al., (2010) is currently the 
expansion of palm oil plantations in Sumatera reached 80% of total Indonesian production and the expansion of 
already venturing into remote areas in Kalimantan, Sulawesi, and Papua. Its consequence, will affect to loss of 
biodiversity (Villamor et al., 2014; Nurdiana & Idung, 2015). In contrast, the expansion is also driven by 
government policy to increase production capacity of 600 million liters of biodiesel to three billion liters of palm oil 
(Rist et al., 2010). Rapid and massive expansion of palm oil plantations for biodiesel has become the center of 
attention on the level of biodiversity, natural habitats, and also the global climate. Supported by statements Wilcove 
& Lian (2010) that palm oil plantations is the biggest threat to the level of biodiversity, especially in Southeast Asia, 
Indonesia as well. 
Batanghari regency in Jambi Province is one of case has issue forest land transformation become palm oil 
plantation. In addition, the region is also linked to agricultural land ownership conflicts between communities, 
companies, and the restoration of regional policy. Along with the transformation of land cover changes that occurred 
in the study area, there will be fragmentation due to human activities intensively (Peres et al., 2010). In order to 
control the spatial planning and arrangement of space, hence the need for monitoring the spatial changes and 
suitability of the land use and its impact on biodiversity decline. The purpose of this study were 1) to detect land 
cover changes with long temporal scale (1988-2014), 2) to analyze the driving factors of land cover changes, and 3) 
to analyze fragmentation for each subdistrict along period year of 1988-2014. 
2. Method 
2.1 Study Area 
The study area was conducted in Batanghari regency - Jambi Province, see Fig. 1. This research was conducted 
in November 2014 until October 2015. The total area is around 554138,73 hectares. Batanghari has eight districts 
they were Mersam, Muara Bulian, Pemayung, Bathin XXIV, Bajubang, Tembesi, Maro Sebo Ilir, and Maro Sebo 
Ulu.  
 
 
 
Fig 1. Study area: Batanghari Regency 
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2.2. Materials and Methods 
The tools that used in this study were ArcMAP, ERDAS 9.1, IDRSI Selva, GPS, and camera. Materials that used 
were Landsat Image in 1988, 1994, 2004, and 2014 (path row 125/61, 125/62, and 126/61) obtained from 
http://earthexplorer.usgs.gov/, SPOT Image (cq. BAPPEDA Batanghari), SRTM map, and land use maps of 
Batanghari. 
2.3. Research Procedure 
This research was conducted with the spatial analysis of remote sensing. Land cover change in the study area 
were analyzed over tour tempral period (1994, 2004, and 2014). The next analysis is the analysis of factors driving 
changes in land cover by using binary logistic regression. Thus, we use Shannon Diersity Index to measure diversity 
index and Largest Patch Index to measure fragmentation and dominance index. 
2.3.1  Image Processing 
Landsat image processing begins by cutting the image of the study area (subset), supervised image classification 
(supervised classification), and field surveys (ground truth check). In the classification stage is necessary to 
determine the distribution and extensive land cover types of the study area based on the category of the desired 
class. Class classification system for making land cover classification system uses Maximum Likelihood 
Classification (MLC). Then tested with Kappa coefficient formula (Jaya 2014): 
 K = [(∑Xii*N - ∑Xi+) – (∑ Xi+*X+i)] / [(N2 - ∑ Xi+*X+i)] (1)  
Description: 
x    K = accuracy coefficient (%) x N  = The number of overall pixels  
x Xi+ = The number of pixels on the same line x X+I  = The number of pixels in the same column x Xii  = The number of pixels in the class in 
question 
 
2.3.2  Logistic Regression Analysis 
According to Yu et al., (2014) that the natural environment, land use management, and socio-economic are the 
main driving factors that normally occur in the case of land use changes. The choosen variables were the distance 
from the road, distance from the nearest palm oil plantation, slope, distance from the river, elevation, and distance 
from the settlement (Table 1 & Fig 2). Logistic regression has advantages in statistical analysis that describes the 
relationship between the response variable that has two or more categories with one or more explanatory variables 
or interval scale category. The equation models of binary regression models (Achmad et al., 2015; Eastmen 2012; 
Deng et al., 2016; Keng dan Homathevi 2012): 
 Logit (Y) = b0 + b1x1 + b2x2 + b3x3 + ... + bixn (2) 
Description: 
x    Y = dependent variable x b0 = constant 
x x = independent variable x bi = coefficients of independent variables to i, for 1,2,3, ... n 
          Table 1. Variables and their descriptions. 
Dependent Variable (Y) Independent Variable (X) Analysis Unit Resolution 
Palm oil plantation growth 1994 – 2004 
(Forest become Palm Oil Plantation) 
X1 Distance from road 
X2 Distance from palm oil plantation 
X3 Slope 
X4 Distance from river 
X5 Elevation 
X6 Distance from settlement 
Euclidian distance 
Euclidian distance 
Grid map 
Euclidian distance 
Grid map 
Euclidian distance 
kilometer 
kilometer 
% 
kilometer 
meter 
kilometer 
30 m 
30 m 
30 m 
30 m 
30 m 
30 m 
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Fig. 2. Raster layers of independent variables. (a) distance from the road; (b) distance from palm oil plantation; (c) slope; (d) 
distance from the river; (e) elevation; (f) distance from settlement. 
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2.3.3 Fragmentation Analysis 
Index calculation formula will be used Largest Patch Index to show the fragmentation and dominance of land 
cover. Each index calculation will be performed on each type of land cover to determine and compare the changes in 
the value of the index in each transformation of the landscape changes. Land cover diversity analysis based on land 
cover patterns were analyzed through the landscape matrix. Each cell size is 1.8 km x 1.8 km (Zhou and Yi 2011). 
Sampling cells was spreaded randomly and purposively (each district should have), see Fig 3. 
 
Fig 3. Sampling cells of landscape matrix 
Landscape fragmentation was analyzed by assessing the matrix Largest Patch Index (LPI). According to Zhou 
and Yi (2011) that LPI has function to asses fragmentation and dominance, with an interval of values 0 <LPI≤100. 
The greater the value of LPI approaching 100, the fragmentation is low and dominance of land cover is high. LPI 
analysis will be conducted for each point of observation and divided by district, so it will be resulted trend of land 
fragmentation from 1988 up to 2014. The formula of LPI is: 
 LPI= (ni/N)*100  (3) 
description: 
x ni = area of certainty land cover type (hectare) 
x N = total area all land cover type(hectare) 
3. Result and Discussions 
3.1. Accuracy of the LUCC maps 
The overall accuracy and kappa accuracy were 86,60% and 0,6 (1988), 98.98% and 0.98 (1994), 91.24% and 0.88 
(2004), 97.57% and 0.96 (2014).  Kappa accuracy between 0.6 and 0.8 represent high agreement and kappa 
accuracy above 0.8 represents strong agreement (Landis & Koch, 1977 in Achmad et al., 2015). 
3.2 Land use cover change 
Land use is divided in open land (bare land), water body, forest, mixed agriculture dry land, palm oil plantation, 
built-up area, shrub, cloud, and rubber. The showed that land cover classification in 1988, there were seven classes 
of land cover type, while in 1994, 2004, 2014 there were nine classes, see Fig 4. Based on Table 2, in 1988 
Batanghari was still dominated by forest and mixed agriculture dry land. Changes in land cover the period 1988 - 
2014 showed a trend of increasing and decreasing area. Cover classes that experienced the largest increase in the 
trend of open land and palm oil plantation. Forest in Batanghari experience declining from 63.6% in 1988 to 20.6% 
at the end of 2014.  
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Fig. 4. LUCC maps in Batanghari: (a) 1988; (b) 1994; (c) 2004; (d) 2014. 
Table 2. LUCC in Batanghari Regency  
Land cover type 
1988 1994 2004 2014 
Area (ha) % Area (ha) % Area (ha) % Area (ha) % 
Open land (bareland) 31485.42 5.68 21770.55 3.93 47859.66 8.64 69984.45 12.63 
Water body 9512.73 1.72 12373.29 2.23 8239.86 1.49 8144.55 1.47 
Forest 353759.94 63.84 304689.51 54.98 213192.99 38.47 130511.34 23.55 
Mixed agriculture dry land 134251.29 24.23 81324.18 14.68 91008 16.42 179442 32.38 
Palm oil plantation 21939.12 3.96 74075.31 13.37 92531.79 16.70 121001.67 21.84 
Built-up area 2165.49 0.39 2992.68 0.54 6492.33 1.17 15517.89 2.80 
Shrub 0 0.00 9037.89 1.63 23813.19 4.30 1211.4 0.22 
Cloud 1024.74 0.18 4405.14 0.79 2445.03 0.44 2120.67 0.38 
Rubber 0 0.00 43470.18 7.84 68555.88 12.37 26204.76 4.73 
Total 554138,73 100 554138,73 100 554138,73 100 554138,73 100 
a  b 
c  d  
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3.3 Driving factors of  LUCC 
Logistic regression model was built by data in 1994 and 2004. Table 3 showed that the coefficient each independent 
variables. The regression logistic model is: 
 Y1= -0,1400 – 0,08000(X1) – 0,07360(X2) + 0,02468(X3) + 0,44584(X4) – 0,02382(X5) + 0,02769(X6) (4) 
The Relative Operating Characteristic (ROC) value of that formula was 0.8806. ROC value is an indicators of 
goodness of fit. ROC=1 represents model fit, and ROC=0.5 represents model fit random (Eastman 2012). Distance 
from road has a negative coefficient, its implication the opportunity of changes from forest become palm oil 
plantation will be even greater when it gets closer to the road with probability 0.5000 or increase the chance of 50% 
each decrease of one unit of the distance factor. This is in line with the results Arekhi (2011) stated that more and 
more closer forest from the road will be the greater the chance of deforestation. Other factors, the distance from 
palm oil plantations indicates that the value of exp β is 1.000074 will imply an increasing of one unit variable factor 
the closer spacing of the pal plantation will be even greater chance of change about 50%. Likewise the altitude 
factor that has a negative coefficient, the lower elevation have the greater opportunity to change amount 50.59%. 
According to Agarwal et al., (2005) stated that the elevation has an influence on the chances of deforestation, more 
and more low of elevation will be greater the chances of deforestation. 
Table 3. Results of logistic regression analysis 
 Variables Coefficient Exp β Probability 
Palm oil plantation growth 1994 – 2004 
(Forest become Palm Oil Plantation) Intercept -0,14000   
 X1 Distance from road -0,08000 1,000080 0,5000 
 X2 Distance from palm oil plantation -0,07360 1,000074 0,5000 
 X3 Slope 0,02468 1,024988 0,5061 
 X4 Distance from river 0,44584 1,000460 0,5000 
 X5 Elevation -0,02382 1,024114 0,5059 
 X6 Distance from settlement 0,02769 1,000028 0,5000 
Relative Operating Characteristic (ROC)  0,8806   
3.4. Land Fragmentation 
Based on Fig. 5, showed that land cover in Batanghari was more fragmented from 1988 to 2014, and it occurred 
in almost all districts. Fragmentation usually occurs close to the largest network of roads, rivers and centers of 
settlement or settlement. Similarly, Tapia-Armijos et al., (2015) that the level of fragmentation chances will be 
greater if more close to the road and the river. Based on the delta or the biggest difference of LPI value from 1988 
until 2014, the highest of land fragmentation is in Mersam, Marosebo Ulu, and Tembesi.  
 
 
 
 
 
Fig. 5. Trend of LPI value 
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4. Conclusions 
Land cover changes in Batanghari occur significantly, especially with the increase of palm oil plantation reached 
121001.67 hectares in 2014. The changes that occurred in that period influenced by six factors including distance 
from the road, distance from the palm oil plantation, slope, distance from the river, elevation, and distance from the 
settlement. Possibility of a change of forest to palm oil plantations higher at lower elevations, closer to the road 
network, and getting close to a nearby palm oil plantations. Changes in forest to palm oil also driven by changes in 
the forest into open land. Association emergence of palm oil plantations after the clearing, where the chances of 
clearing the land will be higher when it is getting close to the road, closer to nearby palm oil plantations, the closer 
the distance of the settlement, and occur at lower elevations. Then, land cover changes that occurred in the period 
1988 to 2014 resulted decreasing of LPI value and it means the fragmentation in Batanghari is more and more 
higher. 
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